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To study the possible association between dnnkjng tea and lung cancer, epidemiological 
and experimental materials wert collected from the Chinese population in Hong Kong. In a 
retrospective study of 200 female lung cancer patients and 200 matched controls, all subjects 
were interviewed concerning their eating habits, smokjng histones, and lifetime exposures 
to environmental pollutants. Analysis of the data demonstrated an adjusted and statistically 
significant increased lung cancer risk of 2.7 among those who drank green tea. Several 
brands of lea commonly drank in Hong Kong were assayed for mutagenicity using Ames* 
assay. Significantly elevated levels of mutagenic activity were found to be present after, 
metabolic activation using cell-free extracts of cecal bactena from rats. These dau suggest 
that further research is needed to understand the possible consequences to human health of 
ingestants taken at low doses but long duration over the normal lifespan, and the possible 
interactive effect between mutagens m tea and other ingestants and inhalants in human 
cancer etiology , t two Academic *t». it*. 


1. INTRODUCTION 

The risk to develop lung cancer is commonly associated with inhaled agents. 
Yet recent toxicological research has demonstrated that the lung can be the site 
for uptake and metabolism of numerous substances which are administered by 
other means. For example, various pharmaceutical preparations given by the oral, 
intramuscular, intraperitoneal, or intravenous routes can accumulate in the lung, 
with subsequent toxic action. Cooper et at. (1986) reviewed around 40 different 
compounds which have been found to accumulate in the alveolar macrophages, 
pulmonary neutrophils, fibroblasts, alveolar type 2 cells, lymphocytes, and sub- 
epithelial glands. Examples of adverse reactions to such compounds art hyper¬ 
sensitivity, lung disease, capillary damage with following edema, fibrosis, and 
effects on the immune system in the lung. 

Organic compounds given by oral or ip administration can be actively metab¬ 
olised in the lung and potentially carcinogenic compounds such as benz[n)pyrene 
(B(a)P) can be absorbed from the gastrointestinal tractus or the peritoneum and 
deposited in the lung (Rylander et at.. 1989). 

In view of the above, studies on lung cancer etiology should probably include 
ingested as well as airborne agents. Epidemiological as well as toxicological in¬ 
formation is available on some such agents particularly fat (Wynder et at., 1987) 
and tea. 

Previous reports have shown that extracts of tea are mutagenic (Nagao et at., 
1979; Tamura et at., 1980; Uyeta et at., 1981) and epidemiological studies have 
found associations between tea drinking and lung cancer reported by Stocks 
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(1970) in an international correlation study and KinJen et al. (1988) in a case- 
control study, in a mortality study in the Tesside area, UK (Dean et aL, 1977), 
drinkers of six or more cups of tea a day had a significantly higher risk for lung 
cancer than those drinking one to five cups a day (RR L22 vs 1.00 for males (P < 
0.01) and 1.65 vs 1.00 for females (P < 0.01)). 

To further evaluate this relationship; an epidemiological and toxicological anal¬ 
ysis of the association between tea drinking and lung cancer was performed. We 
used data from a case-control study of Chinese females in Hong Kong (Koo et al ., 
1984) to evaluate the epidemiological association and samples of tea commonly 
consumed by that population to assay mutagenic activity using Ames* Salmonella 
assay. 


2. MATERIALS AND METHODS 


2 A Population Study 

From 1981 to 1983, a retrospective study on female lung cancer was conducted 
among the Chinese in Hong Kong (Koo et at. , 1984). A total of 200 female lung 
cancer patients from the wards or outpatient departments of eight hospitals and 
200 female “healthy** controls matched by age and district of residence were 
interviewed to investigate their lifetime exposures to a variety of environmental 
agents. The dietary section of the interview inquired about the frequency of con¬ 
sumption of a list of food items or food groups. Cases were interviewed at hospital 
and asked to report on their usual food habits I year before their diagnosis of lung 
cancer or the appearance of symptoms. Controls were interviewed at home and 
asked to recall their current habits of eating. The mean age of the cases was 61.8 
years (SD 10.0) and that for the controls was 60:6 years (SD 9.6). 

In the question on usual liquid drunk during the day, the replies from the 
subjects were generally “plain boiled water" or a particular type of tea. Coffee 
was never recalled to be the main beverage drunk throughout the day for this age 
group: 

Among the Chinese population in Hong Kong, fresh tea is usually prepared two 
to three times per day. About a teaspoon of dry tea leaves is put into a teapot or 
glass per person, and hot water is added. After steeping for a few minutes, the tea 
leaves fall to the bottom of the container and the tea infusion is ready for con¬ 
sumption. Hot water is continuously added to the container so that each portion 
of tea produces two to three cups of fluid. Green tea loses its flavor and color 
more rapidly than black tea. For an equivalent number of cups, more green tea 
leaves will be used. Normally, tea drinkers would sip four to nine cups of tea 
throughout the day. 

In the analysis, those subjects who consumed dark fermented teas were 
grouped as “black tea** drinkers, and those who preferred the unfermented lighter 
colored teas were grouped as “green tea" drinkers. Table 1 describes subtypes of 
black and green teas, their origins, and their popularity in Hong Kong. 

In calculating the risk for lung cancer, both crude and adjusted odds ratios 
(Breslow and Day, 1980) were estimated using the group who usually drank plain 
boiled water, he., the “no tea" group, as the baseline comparison group. The 959c 
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TABLE I 

Chinese Tea Samples Used in Hong Kong and Investigated in the Mutagenicity Study 


Tea type 

Brand 

Ongin 

Remarks 

Black 

Luk-On 
(Orchid tea) 
Pu-erh 

Ti Kuan Yin 

Yunnan 

Fujian 

Inexpensive tea. commonly used among rural'and 
working class households in Hong Kong 

Heavily fermented brick tea with an mk-black color 

Light semifermemed tea favored by connoisseurs m 
Fujian 

Green 

Swatow 

Guizheu 

Lung Ching 
Jasmine 

Fujian 

Guizheu 

Hangzhou 

Variable 

Green tea type common in Hong Kong 

Green tea drunk in Southwest China 

Connoisseur's green tea 

Green tea with added flowers from the Arabian jasmine 
plant Uasminum sambac), commonly served in major 
cities in China and Hong Kong 


confidence intervals of the odds ratios were derived from N:M matching of the 
subjects (i.e.. unequal numbers of cases compared with controls in each strata 
(Breslow and Day, 1980)), Strata were defined by district of residence and housing 
type to minimize effects of socioeconomic background as confounders (Koo et 
at.. 1987). The adjusted odds ratios were calculated using a conditional logistic 
regression package, PECAN (Lubin. 1981). and adjusted for age (<50. 50-69, 
70 + ), any formal schooling (yes/no), number of live births, average number of 
cigarettes smoked per day (0. M2. 13 +), years of smoking (0. 1-40. 41 +), and 
exsmoker status (yes/no). Forty-four percent of the cases and 68.596 of the con¬ 
trols had never smoked any form of tobacco. 

To eliminate the possible confounding effects of other ingestants, odds ratios 
were calculated which adjusted for the previous demographic and smoking vari¬ 
ables. and included alcohol intake (> I/week, yes/no) and frequency of consump¬ 
tion of fresh fruit and vegetables (the monthly frequency of cruciferous vegeta¬ 
bles, fresh leafy green vegetables. caiTOts. beans/legumes, and fresh fruit summed 
for each subject and divided into tertiles). A more detailed report on the effect of 
diet on risk for lung cancer among women who have never smoked from this study 
has been reported previously (Koo, 1988). 

2.2 Tea Samples and Extracts 

The tea samples used in the mutagenicity test are found in Table 1. The infu¬ 
sions were prepared with 4 g black or green tea leaves which were soaked with 150 
ml distilled water at 75-80*C (green tea) or 95-100°C (black tea) in porcelain cups 
covered with a saucer. After 3 min the infusions were separated from the leaves 
by passing them through Whatman No. 1 filter paper. 

Each tea infusion was spin-frozen in an acetone/dry ice bath and freeze-dried 
under vacuum at approx 10” 1 mbar overnight. The dry residues of four infusions 
of the same tea prepared simultaneously were pooled, dissolved in DMSO (E. 
Merck. Darmstadt. West Germany), with the 10-fold solvent volume of the equiv¬ 
alent dry residue weight and centrifuged at 5500g for 5 min at RT. The supernatant 
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was stored at -75°C for a maximum of 2 months and was steriJe filtered (0.45 *im 
pore size, Gelman, No. 4404) prior to the mutagenicity assay. 

The tea infusions were also concentrated on XAD-2 resins basically according 
to Yamasaki and Ames (1977). The resulting dry residue was dissolved in 1 ml 
DMSO and was sterile-filtered prior to use. 

2J Mutagenicity Assay 

Salmonella typhi murium strains TA98 and TA100 (generously provided by Dr 
B. N Ames, University of California, Berkeley, CA) were used to detect muta¬ 
gens causing frameshift mutation and base-pair substitution, respectively. Prep¬ 
aration of the postmitochondrial (S9) fraction from livers of male Sprague-Dawley 
rats treated with Aroclor 1254 (Antechnika. FRG) was basically carried out ac¬ 
cording to Ames et al. (1975). An aliquot of 2 mg protein of this S9 per plate was 
found to activate 5 *ig of B(a)P to induce approximately 800 TA98 revertants. 
Cell-free extract (CFE) of cecal bacteria was prepared from untreated rats ac¬ 
cording to Brown and Dietrich (1979) with the slight modification that cell lysis 
was performed by high pressure extrusion (French Press, Aminco). Rutin (Sigma, 
FRG), a glycoside of quercetin, which is only mutagenic after cleaving the gly- 
cosidic bond, was found to be activated by 0.25 ml CFE per plate to induce 3.1 + 
0.2 rev./nmol in TA98 (mean + SE, N = 8): 

The mutagenicity assay performed was a plate incorporation assay according to 
Maron and Ames (1983) using 0.25 ml of CFE and/or 0.25 ml of S9 mix (containing 
45 pi of S9 fraction) or the equivalent amount of phosphate buffer, pH 7.4. Each 
test substance dose was assayed using four plates in each of the two independent 
experiments. After incubation at 37°C for 44 to 48 hr, colonies of bacteria reverted 
from histidine auxotrophy to prototrophy were counted automatically (Model 880, 
Artek Systems Corp.. Farmingdale, NY). Colonies were controlled for true re¬ 
version by streaking on minima] glucose agar plates containing no histidine. 

The mutagenicity was expressed as the regression coefficient calculated from 
the linear part of the dose-response curves over at least three doses from two 
independent experiments. All increases were significantly different from 0 (/ test, 
P < 0.002, r = correlation coefficient), 

3. RESULTS 


3.1 Lung Cancer 

Table 2 shows the relative risk for lung cancer from the case-control study on 
Chinese women in Hong Kong. Lung cancer risk was higher among tea consum¬ 
ers, and this was statistically significant for green tea, where the adjusted odds 
ratio was 2.7 (P < 0.05) after adjustment for smoking and demographic factors. 
There was little change in the risk ratios after adjustment for other dietary habits 
like alcohol and consumption of fruit and vegetables. This indicates that the lea 
consumption patterns were independent of these other dietary items. The possi¬ 
bility of recall bias accounting for this finding is negated by the fact that tea 
drinking was not suspected during the interviews to be a possible risk factor. The 
question on usual beverage drunk throughout the day was added to the interviews 
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TABLE 2 

Relative Risk fo* Lung Cange* by Tea Consumption Habits among Chinese Females in 

Hong Kong 


Usual 

dnnking 

liquid 

No. of 
cases/ 
controls 


Relative risk 


RRl 

<9j«&c.i.r 

RR2 

(95% C.I.r 

DDT 

(95% C.l.f 

Boiled water 

72/75 

1.00 

1.00 

1.00 

Black teas 

105-106 

1.03 fO.75-1.69) 

1.43 (0.88-1.35) 

1.43 (0.88-2 33) 

Green teas 

23/13 

1.84 (0.87-3.70) 

2.67 U . 10-6.48) 

2.74 (1.10-6.80) 


* Unadjusted odds ratio. 

* Odds ratios adjusted for age. No. of live births, schooling (*).). and smoking habits. 

c Odds ratio adjusted for all in RR2. plus alcohol drinking I*'.), frequency of consumption per month 
of fresh vegetables and fruit (low. medium, high). 


for overall coverage on dietary patterns of the subjects, rather than to evaluate tea 
drinking per se. 

3.2 Mutagenicity 

Mutagenicity was detectable only in the presence of CFE. The response was 
enhanced by the addition of S9 mix (see Fig. 1): For an equivalent dose of ap¬ 
proximately 0.2 ml of the original tea infusion per plate, the increase in mutage¬ 
nicity was nearly linear. A maximum mutagenic response was obtained at a dose 
of 0.5 ml/plate with an increase factor of 2.2 to 3.6 in strain TA98 over the number 
of spontaneous revertants. At higher doses, no further increase occurred or the 
mutagenic response decreased. However, the application of water instead of 
DMSO as a solvent for the lyophilisate resulted in a lower dose-related increase 
in the mutagenicity (data not shown). 

Table 3 reports the results from mutagenicity testing of tea extracts. On an 
infusion volume basis, all four brands of green and all three brands of black tea 
induced frameshift mutations in strain TA98. Strain TA100 was always less sus¬ 
ceptible than strain TA98 (data not shown). Generally, higher mutagenic activity 
was observed in green teas. The total mutagenicity of one cup of green tea was 
found to be 8.3E4 revertants and that of black tea. 4.8E4 revertants in strain 
TA98. 

Repeated infusions of one of the tea samples (Swatow) at time intervals of 30 
min resulted in a decrease in the amount of water solubles from 188 to 75-36 rng/g, 
with corresponding decreases in mutagenicity from 876 to 282-311 revertants/ml. 
Tea infusions concentrated on XAD-2 resin caused a lower mutagenicity and 
recovery for teas with high mutagenic activity was only about 30%. 

4 . DISCUSSION 

Lung cancer is the leading cause of cancer death among women in Hong Kong, 
and it is estimated that the majority of the cases (64%) are not attributable to a 
history of smoking (Koo et at., 1985). Moreover, with an annual world age- 
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Fig. I. Muugerucity of grtcn ica “Jasmine’' in Salmonella rypkimurium strain TA98. The dry 
residue of four tea infusions prepared from 4 g tea leaves and 150 ml distilled water per infusion were 
lyophiliied and dissolved in small amount of DMSO The equivalent amounts of tea infusions were 
assayed alone (#) and in the presence of S9 (A), CFE (■>. and S9 plus GFEDj Values are expressed 
as the mean fSElof four plates per dose The spontaneous reversion of strain Ta 98 was 22<8) rev ./plate 
(\ » 12) and 6 ug of daunomycm-induced 1325183) rev./plate (N * 8). 

adjusted incidence rate of 27.1 per 100,000 for 1982, this ranked it to be among the 
highest in the world for women (Koo, 1988). 

In previous epidemiological studies, research has focused on the role of inhaled 
agents such as environmental tobacco smoke (ETS) (Koo et at., 1984, 1987) and 
cooking fuels (Koo et at., 1983). When lifetime levels of such exposures were 
estimated, there were no major agent or dose differences in the exposure levels of 
cases and controls. This may be a result of little accumulation of air pollutants in 
homes, because the semitropical climate in Hong Kong necessitates that windows 
be continuously left open for most months of the year and centralized air condi¬ 
tioning is too expensive for most homes. Therefore the role of inhalants in lung 
cancer etiology among Hong Kong Chinese may differ from that of Chinese in 
other parts of China like Yunnan or Manchuria, where the use of smoky coal for 
heating and cooking generates large amounts of indoor air pollutants and has been 
found to be associated with increased risk for female lung cancer in Yunnan, 
China (Mumford et al., 1987). 

The role of ingestants in Jung cancer risk among never-smoked Hong Kong 
Chinese women seemed to surpass that of inhalants. A diet high in fresh vegeta¬ 
bles, fruit, and fish was found to reduce risk for lung cancer, whereas more 
frequent consumption of cured/smoked meats, pickled vegetables, and alcohol 
increased risk (Koo, 1988). Results from the present study suggest that tea may 
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TABLE 3 

Mutagenicity of Chinese Tea Infusions in Salmonella ryphtmurium TA98 in the Presence 
of Cell-Free Extract fCFE> of Cecal Bacteria and the Postmitochondrial iS9> 
Fraction from Arocuor-Indlced Rat Liver 


Mutagenicity 


Tea type 

Brand 

Revenaniml 

Correlation 
coefficient lr) 

P value < 

Black 

Luk-On 

42) 

0 17 7 

0:001 


Ti Kuan Yin 

342 

0.87 

0.001 


Pu-erV 

200 

0.87 

0.001 



Mean 321 

— 

_ 

Green 

Guizhou 

647 

0 95 

0 001 


Swatow 

490 

0.86 

0.001 


Lung-Chmg 

553 

0.94 

0.001 


Jasmine 1 * 

515 

0.92 

0.002 



Mean: 551 

— 

_ 


.Vote. P values from test for zero slope performed separately for each substudy. 
J Assayed only in one substudy. 


also independently increase risk for lung cancer. These data support the sugges¬ 
tive epidemiological findings of Stocks (1970) and Kinlen et at. (1988). It was also 
found that the brands of green and black tea commonly consumed by the popu¬ 
lation in Hong Kong contain a compound(s) which becomes mutagenic after met¬ 
abolic activation. The mutagenic activity in one cup of tea infusion was found to 
be equivalent to approximately 0.3 mg of B(a)P for black tea and 0.5 mg for green 
tea. 

The mutagenic activity was detectable only in the presence of a metabolizing 
system containing glycosidasesand was enhanced by the addition of S9 mix. This 
result agrees with the findings of other authors (Nagao et at. 1979; Tamura et at., 
1980; Uyeta et at., 1981). Tea has also been shown to be carcinogenic in animals 
exposed to it orally, by injection, or by local application (Korpassy and Mosonyi. 
1950; Kirby. I960; Kaiser. 1967; Kapadia et at, 1976; Bogovski and Day 1977). 

Ames' Salmonella assay for detecting mutagenicity is able to predict carcino¬ 
genicity with a predictivity of 75% and with a false positive response (noncar¬ 
cinogens giving a positive response) of 29% (Zeiger and Tennant. 1986). 

In epidemiological studies, tea drinking has apart from lung cancer been asso¬ 
ciated with the risk of tumors in several organs (Stocks. 1970; Hartge et at., 1983; 
McLaughlin et at., 1983.1984; Kinlen and McPherson. 1984; Tajima and Tomi- 
naga. 1985; Heilbmn et at., 1986; Jensen et at., 1986). 

In studying mutagenicity levels, infusions from green tea were slightly more 
active than those from black tea. although the differences were not large. Simi¬ 
larly. the epidemiological data showed a higher risk for lung cancer among green 
tea drinkers than black tea drinkers. Although the slightly higher mutagenicity of 
green tea could contribute to this difference, dosage is possibly also important. 
Green tea drinkers would be more likely to consume larger quantities of extracts 
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from tea because green tea has a weaker flavor and color per weight than black 
tea, and therefore requires more tea leaves for the same number of cups. How¬ 
ever, our findings are tentative, since only 23 cases (11.5%) and 13 controls (6.5%) 
claimed to be regular drinkers of green tea. 

Thus we did not collect data on cups of tea drunk throughout the day and were 
therefore unable to perform a dose-response analysis. Also, because tea drinking 
is ubiquitous during social occasions and when eating in restaurants, even persons 
who preferred drinking boiled water may have been somewhat exposed to tea. 
The risk might thus have been slightly underestimated in this study. 

It is not known which chemical compound(s) in the tea extract is responsible for 
its genotoxicity and carcinogenicity. Of the naturally occurring mutagens in food, 
the most ubiquitously distributed mutagens of plant origin are flavonoids. Among 
them, quercetin and kacmpferol are commonly found in high concentrations in 
various vegetables and fruits (Brown, 1980). For green and black tea glycosides, 
a mutagenic effect has been reported after metabolic activation (Uyeta et aL, 
1981). These effects were probably derived from the flavonols quercetin, 
kaempferol, and myricetin. The total concentration in tea of these substances is 
more than 10 g glycosides/kg (Herrmann, 1976). Other mutagens acting directly 
without metabolic activation, such as gjyoxals, have also been found in black tea 
and a trace of them also in green tea (Nagao et aL, 1986). In this study, no direct 
acting mutagenicity was detectable. However, tannin-containing fractions of 
green tea leaves were recently found by microsomal degranulation technique to 
contain potential carcinogenic activity (Minocha et. aL, 1986). 

An association between tea consumption and the appearance of lung cancer in 
humans would require that the ingested active metabolites from the tea extract are 
transported to the lung. Studies on orally administered rutin show that tea-derived 
quercetin glycosides reached the lower bowel unaltered and that its 0-glycosidic 
bond was hydrolyzed by the intestinal microflora (for review, see Brown, 1980). 
Derivatives of phenylacetic and phenylpropionic acid were detected as the first 
bacterial metabolites of rutin and were found to be excreted in the urine or ab¬ 
sorbed and metabolized by the intestinal wall in only small amounts (Brown, 1980; 
Baba et aL, 1983; Brown and Griffiths, 1983), A high absorption from the intes¬ 
tinal tract was observed when [4- ,4 C]quercetin was administered orally to rats 
(Ueno et aL, 3983). Within 48 hr after administration, approximately 20% of the 
quercetin was absorbed and rapidly excreted into the bile and urine as glucuronide 
and sulfate conjugates. More than 30% decomposed to yield C0 2 and approxi¬ 
mately 30% was excreted unchanged in the feces. Similar results were observed 
in an earlier study (Petrakis et aL, 1959). 

Using autoradiography and quantitative determinations, both studies demon¬ 
strated a deposition in the lung. When uniformly labeled [ M C]quercetin was used, 
12% of the dose of 5 mg/rat were found in the lungs 12 hr after oral administration 
(Petrakis et aL, 1959). This contrasts with the finding of less than 0.1% of 630 mg 
specifically labeled (4- ,4 C]quercetin/kg body wt detected in the lungs after 72 hr 
by Ufeno et aL (1983). These findings indicate that a metabolite(s) of orally ad¬ 
ministered quercetin can be found in the lung, but further studies on the bioki¬ 
netics are needed. 
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In a perspective, tea is a low risk agent for human lung cancer when compared 
with smoking. In spite of large quantities of tea consumed by some segments of 
the population, the attributable risk is low. Its delfcterious effects may thus only be 
manifested among those who lack protective factors or are exposed to other 
bronchial irritants. Studies of non-Chinese populations where personal exposure 
to tea is more clearly defined might provide further information on this possibility. 

In summary, the aim of this study was to provide more information of the 
possible role of tea consumption on cancer etiology. The epidemiological data 
suggested that consumers of green tea had an increased risk for lung cancer. The 
toxicology data showed that the teas commonly driink by the Hong Kong popu¬ 
lation contained mutagenic components. These findings support previous data and 
the hypothesis of an association between consumption of tea and increased risk 
for lung cancer. Further epidemiological studies are necessary to test this hypoth¬ 
esis. and the nature of the tea metabolites in the lungs need to be characterized 
before any final conclusions can be drawn. 
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